Site-specific pegylation of G-CSF by reversible denaturation.
A new strategy has been developed for extending the possibility of poly(ethylene glycol) (PEG) modification to accessible thiol groups of biologically active proteins. In particular, thiol-reactive PEGs have been coupled to the cysteine 17 of granulocyte colony stimulating factor (G-CSF), which is known to be partially buried in a hydrophobic protein pocket. The PEG linking was accomplished by partial protein denaturation with 3 M guanidine.HCl in the absence of any reducing agent in order to preserve the native protein's disulfide bridges. PEG coupling occurred also, but at a lower degree, by using a 3 M solution of urea as the denaturing agent. Following the PEGylation, which was carried out in the unfolded state, the conjugated protein was refolded using dialysis or gel filtration chromatography to eliminate the denaturant. Different thiol-reactive PEGs and polymer molecular weights (5, 10, or 20 kDa) were investigated for G-CSF conjugation under denaturation. The secondary structure of the protein in the G-CSF-PEG conjugates, evaluated using circular dichroism and biological activity assay in cell culture, was maintained with respect to the native protein. Unexpectedly, conjugation enhanced the G-CSF tendency to aggregate, a problem that was overcome by a proper formulation.